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Background 62
Excess energy intake and poor diet quality leading to obesity are the leading causes of 63 M A N U S C R I P T
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PROMINENT CALORIE LABELLING IN CAFETERIAS 5 reduction in total calories purchased, with an estimated reduction of 6.6% [95% CI -12.9% to 110 -0.3%], which diminished over time. 111
There were several possible explanations for the lack of an observed effect in five out 112 of the six worksites in this study. The calorie labels were designed to be visible to the 113 customer at the point of choice, and were therefore presented in the same font style and size 114 as the product price. This design may, however, have inadvertently decreased the impact of 115 the intervention by making the calorie information less distinguishable from the other 116 information on the label. There were also some operational difficulties in collecting the 117 primary outcome measure which limited the precision of the data collected in the initial trial. 118
For example, four of the six sites recorded a small number of their food/drink items -such as 119 sales of different carbonated drinks -under the same till button, thus preventing full 120 disaggregation of sales of products with different energy content. 121
In the current replication and extension study we therefore sought to use visually-122 enhanced calorie labels designed to communicate more prominently the energy content. In 123 addition, we aimed to work closely with the catering teams and others in the participating 124 sites to improve their till systems for data capture, and accordingly, to improve the estimates 125 of the potential impact of calorie labelling on energy purchased. 126
The aims of the present study are: 127
(1) to assess the feasibility of recruiting eligible worksites, and identify potential 128 barriers to the feasibility and acceptability of implementing prominent calorie 129 labelling; and 130
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Sample 135
Three worksite cafeterias in England were recruited to take part in the study via a 136 collaboration with the Institute of Grocery Distribution (IGD) [18] . Worksites were eligible if 137 they were based in England, employed more than 300 employees and had the ability to 138 provide data on daily sales of individual items and their energy content. Due to the pilot 139 nature of the study, a sample size of three sites was selected prior to enrolment as a pragmatic 140 number with which to address the study aims within available resources. 141
We approached the managers of four sites that were part of a Healthy Eating in the 142 Workplace Advisory Group organised by IGD and had already expressed interest in 143 participating in studies. Sites were then screened for eligibility. All four sites were deemed 144 eligible on the criteria reported above. Of the four sites approached, three agreed to 145 participate in this pilot study and were therefore randomised to the time at which to 146 implement the intervention. Enrolment of sites into the study was conducted by two members 147 of the research team (MV and GF). The flow of participating sites through the pilot trial is 148
shown in the CONSORT diagram in Figure 1 . The demographic characteristics of employees 149 at the three sites are summarised in Table 1 (these data were provided by the worksite Human 150 Resource departments with all data points provided in aggregate form as they appear in the 151 
Design and Procedure 160
The study used a stepped wedge randomised controlled trial design [19] [20] [21] . This 161 design was chosen since it allows the intervention to be tested across all eligible sites thus 162 maximising study power; as well as allowing a more robust control of unexpected events over 163 time since the roll out of the intervention occurs sequentially across the different sites. 164
Between March and July 2018 three worksite cafeterias were sequentially randomised to 165 receive the intervention after an initial baseline period of at least six weeks (see Figure 2) . 166
Sites were randomised to implement the intervention at one of three, two-weekly intervals. 167
The randomisation of sites to the intervention sequence was performed by a statistician (MP) 168 using computer-generated random numbers (the statistician was blinded to the identity of 169 sites throughout the randomisation process). The protocol for this pilot trial was prospectively 170 During the 6-week pre-intervention period, routine cafeteria service continued while 173 information was collected on the energy content of food available and on the sales each day. 174
The intervention periods were planned to be at least equal in length to the pre-intervention 175 period -i.e. the third site implementing the intervention for at least six weeks -so that a best 176 estimate of intervention impact could be obtained. Two further intervention weeks were run 177 at the end of the trial for all three sites. Accordingly, the period of intervention lasted between 178 eight to twelve weeks, depending on randomisation sequence within the stepped wedge 179 design. It was not possible to blind the caterers who implemented the intervention to 180 intervention assignment. Patrons of the cafeterias were not informed that the introduction of 181 prominent calorie labelling was being evaluated as part of a study. 182
The research team trained and instructed the catering teams across the three worksites 183 on how to implement the intervention prior to the study start date and worked closely with theM A N U S C R I P T
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PROMINENT CALORIE LABELLING IN CAFETERIAS 8 catering managers during intervention implementation. Prior to the commencement of the 185 study, till systems were discussed and all worksites were instructed to use individual till 186 buttons for each individual product in their cafeterias. Where this was not practically possible 187 (e.g., due to a large product offering as in Site 1), a few till buttons were reprogrammed to 188 capture a few products of the same category that were similar in energy content (with the 189 difference in energy ranging between ±30 kcal). Compliance with intervention The intervention comprised labelling all cafeteria products for which calorie 200 information was available with their energy content e.g., 120 CALORIES. Following 201 evaluation of the impact of the labelling intervention in our previous study [17] , we aimed to 202 enhance the presentation of calorie information by displaying this information more 203 prominently in the current study. A literature review provided the basis for design features to 204 make the labels more prominent. 205
The findings from the review suggested that typefaces such as Verdana 
Materials. 214
As in our previous study, the labels were designed to be visible and legible to the 215 customer from where they would be standing at the point of choice. Labels also contained 216 calorie information by product portion size by denoting 'per slice', 'per ladle', or 'per 217 average bowl/serving'. Salad bars, deli bars, hot drinks, and vending machine items were 218 excluded from the intervention because of challenges in reliably implementing calorie 219 labelling for these items (see the Calorie Labelling Manual document in Online 220
Supplementary Materials for more details). 221
In the present study calorie information was provided in one of four different places: 222
(1) On products (see Figure 3a) ; 223 (2) Along shelf edging at point of choice (see Figure 3b) ; 224 
Feasibility and acceptability 231
The feasibility and acceptability of the intervention implementation in the present 232 study were captured using the following indicators: 
Intervention impact 253
Primary outcome 254
Total energy (kcal) purchased daily from intervention items, controlling for the total 255 transactions as measured from daily sales records. 256
257
Secondary outcome 258
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Number of items purchased daily from (a) intervention items, and (b) non-intervention items, 259 controlling for the total transactions. 260
261
Other measures 262
Covariates recorded in the study and considered in analyses: total number of transactions per 263 day (to control for daily footfall in each site); day of week; and weather conditions (daily 264 average temperature). 265
266
Data Analysis 267
Feasibility and acceptability 268
Feasibility and acceptability indicators were summarised using descriptive statistics. 269
Qualitative assessments gathered via semi-structured interviews with worksite managers and 270 caterers were coded and summarised narratively. 271
272
Intervention impact 273
Analyses were conducted in R.3.4.2. Our protocol and trial registration pre-specified 274 that we would use generalised linear mixed models (GLMM) to examine the impact on total 275 energy (kcal) purchased per day from intervention items controlling for the total transactions, 276 adjusted for time trends (using day relative to the intervention start date as a random slope per 277 site) and with random effects for worksite. However, an examination of the data showed 278 considerable heterogeneity in variances between the three sites. Various variance-stabilising 279 transformations -including logarithmic and square-root transformations -were investigated 280 but none proved adequate. Therefore, due to heteroscedasticity, both the mean and variance 281 of parameters were included (using identity and log links respectively) in the more general 282 analysis framework of a Generalized Additive Model for Location, Scale and Shape 283 M A N U S C R I P T
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(GAMLSS) mixed model [33, 34] . This allowed explicit parameters for site-variances to take 284 different values. 285
Uncharacteristic days, such as days showing large changes in energy purchased due to 286 special events at the worksites, were included as dummy variables to allow for an unbiased 287 estimate of the intervention effect (more details on this can be found in the Results section). 288
Site was fitted as a random effect as per protocol. We also fitted parameters when necessary 289 for separate variances: (i) on different weekdays; and (ii) different sites. The model 290 diagnostics ranged from acceptable to good. Additional sensitivity analyses were conducted 291 to explore whether partial compliance with the intervention affected the obtained results. 292
293
Results
294
Feasibility and acceptability 295
Of the four worksites approached, all were eligible to participate. Three sites were 296 recruited and received the labelling intervention. All three recruited worksite cafeterias 297 successfully completed the baseline and intervention periods (attrition rate of 0%), attesting 298 to the feasibility of retaining eligible worksites (see also Figure 1 
CONSORT diagram). 299
Implementation of the intervention proved feasible, with the proportion of items that 300 were labelled being above 80%: 83% at Site 1, 94% at Site 2, and 85% at Site 3. 301
Cafeteria patrons who took part in the post-study survey strongly supported the 302 intervention. The survey was completed by 250 employees, approximately 8.5% of the total 303 number of employees based at the three worksites. A large proportion of respondents (83%) 304 were either happy or very happy about the introduction of calorie labelling, 12% were neither 305 happy nor unhappy, 1% were unhappy or very unhappy, whilst 2% reported not noticing any 306 changes in labelling. Furthermore, the vast majority of surveyed employees (87%) reported 307 that they would like calorie labelling to remain in place permanently, answering either Yes,M A N U S C R I P T The Box in the Online Supplementary Materials summarises the themes identified in 311 the thematic analysis of the post-intervention interviews conducted with worksite managers. 312
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As in the previous study [17] , worksite managers were receptive and supportive of the 313 intervention, seeing the calorie labels as a positive addition to the cafeteria, rather than taking 314 something away from patrons. In the current study, managers again commented that the 315 initial implementation of calorie labelling was labour-intensive and time-consuming, but once 316 this was done the intervention was simple to maintain. Managers reported positive feedback 317 from their patrons and, in contrast to our previous study, the managers also noted that patrons 318 commented on the clarity of the visual display of the energy content on the labels used for 319 this study, demonstrating that at least for the employees who took part in the post-study 320
survey, the labelling intervention tested in this study was more prominent and more 321 noteworthy when compared to the calorie labelling intervention used in the prior study. 322
Managers also reported that patrons expressed mixed feelings towards the presentation of 323 calorie information. Some patrons thought this made their food choices easier, whereas others 324 felt that additional nutritional information may be needed to help them make more informed 325 dietary choices [see also 35]. Furthermore, managers also highlighted the benefits of setting 326 up calorie labelling in their cafeterias with the view of aiding their employees' dietary 327 choices. Finally, managers hoped that the independent evaluation of the calorie labelling 328 intervention would help them to set-up calorie labelling initiatives which may, at some point 329 in the future, be mandated through government policy [12] . 330
Compliance with the study protocol varied across sites and products. A detailed 331 record of items that were non-compliant at each site and the dates when these were then 332 labelled as per protocol can be seen in Table S1 in Online Supplementary Materials. 333 M A N U S C R I P T
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Sensitivity analyses were performed to check for differences in the effects of the intervention 334 between days when all items were compliant and when they were not. 335
336
Intervention Impact
transactions on Fridays; and (ii) special features in some of the sites that had to be accounted 344 for by dummy variables. For example, at Site 3 there were three days on which a free buffet 345 was available in the cafeteria, one day with a free BBQ on offer, and one day with a non-free 346 BBQ for which employees had to purchase a ticket. A dummy variable indicating these five 347 special events was included as a control variable in the statistical modelling of the primary 348 A sensitivity analysis was conducted in which all items non-compliant with the 374 labelling intervention at any point during the intervention phase were excluded from the 375 calculation of the total calories per day. This led to the removal of 44 (9.8%), 5 (1.7%) and 30 376 (10.1%) products at Sites 1, 2 and 3, respectively. Similar results were obtained to those 377 using the primary models: there was no overall effect of the intervention -1.2% [95%CI - 
Secondary outcome 389
Our secondary outcome consisted of modelling the total number of (a) intervention 390 items, and (b) non-intervention items sold per day since it was not possible to model the total 391 daily energy for non-intervention items separately. Daily number of transactions, day of the 392 week, and daily average temperature served as covariates as in the primary outcome models. 393
Intervention items only 394
There was no overall effect of labelling on total sales of intervention items per day 395
[15.2 items (SD = 35.7) (95%CI -25.2 to 55.6), p = .460]. There was also no impact on total 396 sales of intervention items per day in the individual sites. 397
Non-Intervention items only 398
There was no overall effect of the intervention on total sales of non-intervention items 399 
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amongst both patrons and catering staff, with 87% of cafeteria patrons wanting the prominent 410 calorie labelling to remain in place. In terms of intervention effectiveness, pooling the data 411 across the three sites showed no effect of the intervention on daily energy purchased: -0.6% [-412 2.5%, 1.2%]. Modelling the impact of the intervention at each individual site showed similar 413 null effects. 414
The overall non-significant effect found across sites (-0.6%) replicates the overall size 415 of effect of calorie labelling obtained in our prior pilot trial (-0.4%) [17] . Together, these 416 results suggest that the synthesised effect size estimates of the potential impact of calorie 417 labelling in recent systematic reviews [10, 13] may be an overestimate of the true effect 418 found in general populations in real world settings. The estimated effect size of -7.8% from 419 calorie labelling on menus presented in the recent Cochrane Review was based on three US-420 based experimental studies, two of which were conducted in the same university cafeteria 421
[13]. This evidence was rated of low quality using GRADE assessment criteria, meaning that Post-hoc power analyses suggest that our present study was powered to detect an 432 effect size of 5.23% (two-tailed). We were therefore powered to detect an effect of the size 433 suggested by the recent Cochrane systematic review [13] , which is arguably the closestM A N U S C R I P T
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estimate of effect size relevant for the current study given the synthesised effect was based 435 solely on randomised experimental evidence in field settings. An as yet unexplored 436 moderator of these effects is the country in which studies were conducted. Our two field 437 cafeteria experiments -conducted in England -have thus far yielded smaller and statistically 438 non-significant effects in contrast to field cafeteria experiments conducted in the USA. 439
Within-site analyses in both the present and our previous studies [17] suggest that 440 calorie labelling has heterogeneous effects in different worksite establishments which may 441 reflect differences in participants' characteristics. However, due to the small number of sites 442 in both the previous and current studies (n = 9), we were not able to formally examine 443 demographic characteristics of participants at each site as a potential moderator of the effects 444 of calorie labelling. 
Strengths and Limitations 467
One notable strength of the present study is the use of prominent calorie labels 468 designed to maximise readability following a scoping literature review. Furthermore, in the 469 present study we worked closely with the three worksite catering teams in order to improve 470 their data-capture methods prior to study commencement. We also carried out fortnightly 471 fidelity checks at all sites, which enabled us to rectify any issues with intervention 472 implementation and data capture in a timelier fashion than was possible in our previous study 473 [17] . These changes to the protocol and intervention design resulted in higher quality data, 474 lending greater confidence in any conclusions that could be drawn from the present study. 475
The above strengths notwithstanding, the study was limited in several respects. The 476 most notable limitation was the small number of participating sites and their heterogeneity. 477
Since this was a pilot trial, we tested the prominent calorie labels and improved protocol 478 amongst three sites, which was the maximum number of sites that we could realistically 479 recruit and set-up the intervention in the given time period. Another limitation of this pilot 480 study was that we were only able to recruit the required three sites by approaching four 481 worksites, which were members of a Healthy Eating in the Workplace Advisory Group. The 482 feasibility of recruiting a larger number of potentially more diverse worksite cafeterias for a 483 larger trial is unknown. However our other feasibility measures show that when workplaces 484 M A N U S C R I P T
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are willing to try this intervention it is possible to deliver the intervention successfully and 485 collect the data necessary for evaluation. The study was further limited by using energy 486 purchased as a proxy for consumption. Purchasing does not take into account possible food 487 waste, food bought and consumed from other establishments, and food freely available at the 488 worksites. However, this is likely to apply equally to both intervention and control periods 489 and should therefore not impact the estimates of energy purchased across different study 490 periods. Future studies could improve estimates of food consumption by measuring food 491 waste and establishing a protocol to measure and control for consumption of food obtained 492 from outside the worksite cafeteria setting. 493
Future Research Directions 494
Although recent systematic reviews suggest that calorie labelling has an impact on 495 energy selected or purchased [10, 13, 15], they each highlight the paucity of well-controlled 496 experimental studies in field settings, with one review suggesting that the effect of calorie 497 labelling is weaker in field compared with laboratory settings [10] . Future research should 498 therefore aim to estimate the impact on selection and consumption of calorie labelling in field 499 settings in robust studies using experimental designs. Aside from the current study, all other 500 existing experimental field studies have been conducted in the US. More studies outside of 501 the US are therefore needed to examine the generalisability of calorie labelling effects 502 beyond the US. 503
Even though recent reviews by Zlatevska [10] and Shanguann [15] have found no 504 significant difference between simple calorie labels vs. enhanced labels -such as physical 505 activity calorie equivalents [PACE] labels or pictorial warning labels -these supplementary 506
analyses were based on limited evidence generated in laboratory settings. Further research is 507
warranted to test such enhanced calorie labelling using robust experimental designs in fieldM A N U S C R I P T
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settings to estimate the potential for such labels to reduce the energy of food selected or 509
consumed. 510
Diet-related disease is linked both to overconsumption of energy and to the nutrient 511 composition of the diet. The recent systematic review by Shanguann and colleagues [15] 512 found no significant difference in the impact on consumption of calorie labelling vs. 513 nutritional labelling of specific nutrients. However, the moderation analyses were based on a 514 limited number of studies, suggesting that the estimate of this effect may change when there 515 is a larger evidence base to probe this difference. Future studies could also consider whether 516 additional labelling of specific nutrients has greater impact on food consumption than calorie 517 labelling alone. 518
Policy Implications 519
While studies to date do not provide a reliable population level estimate of the 520 potential for calorie labelling to reduce energy purchased out-of-home, any decision to 521 introduce, or even mandate, calorie labelling should take into consideration a range of other 522 factors. First, such information is valued by consumers [37] . Second, there is some evidence 523 that mandatory calorie labelling could have positive supply-side effects through product and 524 menu reformulation [10] . Given that increasing the availability of lower energy foods in 525 worksite cafeterias can reduce energy purchased [38] this could be an effective route through 526 which calorie labelling could contribute to tackling obesity. 527
Conclusions 528
There was no evidence that prominent calorie labelling changed daily energy 529 purchased across three English-based worksite cafeterias. The intervention was feasible to 530 implement and acceptable to patrons and managers. 
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